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Abstract

Background: The use of lopinavir/ritonavir (LPV/r) may cause gonadal hormone dysfunction as an
adverse consequence. Melatonin (MT) and alpha lipoic acid (ALA) have been associated with the regulations
of gonadal functions. Objectives: The current study investigated the protective effects of MT and ALA
against LPV/r-induced alterations in gonadal hormones of male albino rats.Methods: Rats were randomized
into groups and were orally supplemented with MT (10mg/kg), ALA (10mg/kg) and MT + ALA prior to
treatment with LPV/r (22.9/5.71-91.4/22.9 mg/kg) daily for 90 days, respectively. Rats were sacrificed,
blood samples were collected, and sera were extracted and evaluated for luteinizing hormone (LH), follicle -
stimulating hormone (FSH), testosterone (T), prolactin (PRL) and estradiol (ED). Results: Significant
(p<0.001) decreases in serum LH, FSH, and T levels with significant (p<0.001) increases in PRL and ED
levels in a dose-related fashion occurred in LPV/r-treated rats when compared to control. However, serum
LH, FSH, T, PRL and ED levels were significantly restored in rats supplemented with MT (p<0.01), ALA
(p<0.01) and MT+ALA (p<0.001) when compared to LPV/r-treated rats. Conclusion: This study showed that
MT and ALA restored serum gonadal hormones of LPV/r-treated rats.
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1. Introduction

It is widely recognized that gonadal function
depends on the coordinated action of multiple
factors influencing the syntheses and secretion of
gonadal hormones. These hormones include
luteinizing hormone (LH), follicle-stimulating
hormone (FSH), which regulate the synthesis of

testosterone (T).The syntheses and secretion of
these hormones are regulated by the hormones
produced by the pituitary, hypothalamus and
gonads. [1] Optimal levels of gonadal hormones are
very imperative for sustained fertility and
procreation. However, abysmal levels of gonadal
hormones attributed to toxicological insults from
medications, substance abuse and chemicals may
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lead to hypogonadism with catastrophic
consequences on fertility and procreation. [2]

LPV/r is an essential component of highly
active antiretroviral therapy (HAART) that has a
strong track record as salvage therapy in cases of
resistance to other antiretroviral regimens due to
higher genetic barrier to resistance. [3] Accessibility
to LPV/r regimen has improved health, quality of
life, and survival rate; however it may have adverse
influence on the fertility determinants of patients.
Morphologic changes in testis and endocrine
perturbations are complications that may occur with
the use of LPV/r containing regimen. [4] Gonadal
dysfunction characterized by impaired FSH, LH and
T functions and hyper activities of estradiol (ED)
and prolactin (PRL) are serious therapeutic
predicaments that may arise with the use of LPV/r
containing HAART. [5,6] The mechanism of
hypgonadism due to HAART is not clear, but
mechanisms ranging from testicular oxidative stress,
mitochondria damage and the inhibition of
hypothalamic-pituitary-gonadal axis (HPG) were
proposed. [7]

Melatonin (MT) is an antioxidant and anti-
inflammatory agent known as “sleep hormone”
because of its regulatory effect on circadian rhythm.
It is a hormone primarily produced in the pineal
gland. [8] In addition to its pharmacologic activities,
there are growing reports on its regulatory effect on
the hypothalamus-pituitary-gonadal (HPG) axis. [9]

In humans, MT can regulate the release of
gonadotropins by the anterior pituitary, as well as
the functions of the gonads and gonadal adnexa,
through its specific receptors present in
reproductive system. Experimentally it has
protected the testes from assaults associated with
some xenobiotics. [10] It has stabilized antioxidant
status and decreased inflammatory reactions in
testes exposed to toxic substances. [11]

Alpha lipoic acid (ALA) is a disulfide
compound that functions as a coenzyme in pyruvate
dehydrogenase and alpha-ketoglutarate
dehydrogenase mitochondrial reactions in the
synthesis of cellular energy (ATP).[12] ALA and its
reduced dithiol form, dihydrolipoic acid (DHLA),
are powerful anti-oxidative and anti-inflammatory
agents. Experimentally, it has some potential health
benefits such as the protection of testis from
chemical-induced toxicity. [13] It has protected

against lipopolysaccharide-induced damage in rat
Sertoli cells and restored serum levels of
reproductive hormones in cypermetrin-induced
toxicity in the testis. [14, 15] This study was
conducted in order to investigate the protective
effects of MT and ALA on the gonadal hormones of
LPV/r-treated male rats.

2. Materials and Methods

2.1 Animals, drugs and chemicals
Eighty five male albino rats (180 ± 20 g) were

taken from the animal house of the Department of
Pharmacology, Faculty of Basic Clinical Sciences,
University of Port Harcourt, Nigeria and were
randomized into groups of n=5/per group. The rats
were kept under standard laboratory conditions, in
separated metal cages at room temperature of 25 ± 
3  °C with a 12  h dark/light cycle. The rats were
allowed to acclimatize for two weeks prior to the
experiment. The rats were maintained on standard
laboratory feed and water ad libitum and were
handled according to the guidelines and regulations
by the Canadian Council on Care for Animals used
for research. The ALA and MT used were sourced
from AO Pharm Import and Export Co Ltd, China
whereas LPV/r was manufactured by Myland
Laboratories Ltd, India. The doses of LPV/r used
represent 2, 4 and 8 times the clinical dose. [16] MT
(10mg/kg) and ALA (10mg/kg) were used for this
study. [17] MT was dissolve in 1% ethanol and
diluted with normal saline, LPV/r was dissolved in
1% ethanol whereas ALA was dissolved in water.
[18,19]

2.2 Treatment procedure
Group A1: Placebo control was orally treated

with normal saline (0.2ml) daily for 90 days
Group A2: Solvent control was orally treated

with 1% ethanol daily for 90 days
Group B (B1-B3) was orally treated with MT

(10mg/kg), ALA (10mg/kg) and MT+ALA daily for
90 days, respectively.

Group C (C1-C3) was orally treated daily with
LPV/r (22.9/5.71, 45.6/11.4 94 and 91.4/22.9 mg/kg)
daily for 90 days, respectively

Group D (D1-D3) was orally supplemented
with MT (10mg/kg) before treatment with LPV/r
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(22.9/5.71, 45.6/11.4 94 and 91.4/22.9 mg/kg) daily
for 90 days, respectively.

Group E (E1-E3) was orally supplemented
with ALA (10mg/kg) before treatment with LPV/r
(22.9/5.71, 45.6/11.4 94 and 91.4/22.9 mg/kg) daily
for 90 days, respectively

Group F (F1-F3) was orally supplemented with
MT +ALA before treatment with LPV/r (22.9/5.71,
45.6/11.4 94 and 91.4/22.9 mg/kg) daily for 90 days,
respectively

2.3 Collection of blood sample
After treatment, blood samples were taken

through cardiac puncture and were immediately
collected into clean and screw capped non
heparinized tubes. Thereafter, blood samples were
centrifuged at 3000   rpm for 15  min and sera were
separated and evaluated for hormonal parameters.

2.4 Hormonal assay
Testosterone, luteinizing hormone, follicle-

stimulating hormone, estradiol and prolactin were
measured using specific Enzyme Immuno Assay
(EIA) test kits (Biocheck, Inc, USA). The assay was
performed according to the manufacturer’s
instructions.

2.5 Statistical analysis
The results are expressed as mean ± SEM

(Standard error of mean). Statistical analysis was
evaluated using one way analysis of variance
(ANOVA) followed by Tukey’s post hoc test.
Values were considered statistically significant at
p<0.05; p<0.01 and p<0.001.

Table 1: Effects of melatonin and alpha lipoic acid on serum gonadal hormones of rats
Parameters Control MT ALA MT+ALA

T(µg/mL) 3.40 ± 0.14 3.49 ± 0.05 3.40 ± 2.43 3.58 ± 0.07

FSH (µg/mL) 2.85 ± 0.03 2.91 ± 0.05 2.85 ± 0.23 3.01 ± 0.06

LH (µg/mL) 10.7± 0.03 10.9 ± 0.22 10.8 ± 0.41 11.0 ± 1.11

ED (µg/mL) 12.5 ± 0.02 12.0 ± 1.33 12.2 ± 1.22 11.9 ± 1.37

PRL (µg/mL) 0.28 ± 0.05 0.27 ± 0.02 0.26 ± 0.03 0.24 ± 0.02

T=Testosterone, FSH=Follicle stimulating hormone, LH= Luteinizing hormone, ED= Estradiol, PRL=Prolactin,
MT=Melatonin, ALA=Alpha lipoic acid, Data as mean ± SEM (Standard error of mean), n=5.

Table 2: Effects of melatonin and alpha lipoic acid on lopinavir/ritonavir-induced serum testosterone levels in
rats

Serum testosterone (µg/mL)

Dose (mg/kg) LPV/r MT+LPV/r ALA+LPV/r MT+ALA+LPV/r

Control 3.40 ± 0.14 3.40 ± 0.14 3.40 ± 0.14 3.40 ± 0.14

22.8/5.71 2.00 ± 0.03 2.61 ± 0.15* 2.53 ± 0.01* 3.20 ± 0.01*

45.6/11.4 1.51± 0.24 2.09 ± 0.11* 2.00 ± 0.02* 3.15 ± 0.05**

91.2/22.9 1.01 ± 0.02 1.50 ± 0.23* 1.46 ± 0.01* 3.00 ± 0.04**

LPV/r= Lopinavir/ritonavir. MT= Melatonin. ALA=Alphalipoic acid. Data as mean ± SEM (Standard error of mean),
n=5, *Significant (p<0.01) difference when compared to LPV/r, **Significant (p<0.001) difference when compared to
LPV/r.
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Table 3: Effects of melatonin and alpha lipoic acid on lopinavir/ritonavir- induced serum luteinizing hormone
levels in rats

Serum luteinizing hormone (µg/mL)

Dose (mg/kg) LPV/r MEL+LVP/r ALA+LVP/r MEL+ALA+LPV/r

Control 2.85 ± 0.03 2.85 ± 0.03 2.85 ± 0.03 2.85 ± 0.03

22.8/5.71 1.20 ± 0.07 2.00 ± 0.06* 1.91± 0.09* 2.60 ± 0.07**

45.6/11.4 0.71 ± 0.03 1.51 ± 0.10* 1.40 ± 0.02* 2.53 ± 0.05**

91.2/22.9 0.40 ± 0.07 1.21 ± 0.13* 1.25 ± 0.05* 2.30 ± 0.04**

LPV/r= Lopinavir/ritonavir. MT= Melatonin. ALA=Alpha lipoic acid. Data as mean ± SEM (Standard error of mean),
n=5, *Significant (p<0.01) difference when compared to LPV/r, **Significant (p<0.001) difference when compared to
LPV/r.

Table 4: Effects of melatonin and alpha lipoic acid on lopinavir/ritonavir- induced serum follicle stimulating
hormone levels in rats

Serum follicle stimulating hormone (µg/mL)

Dose(mg/kg) LPV/r MT+LPV/r ALA+LPV/r MT+ALA+LPV/r

Control 10.7 ± 0.03 10.7 ± 0.03 10.7± 0.03 10.7 ± 0.03

22.8/5.71 4.10 ± 0.01 6.18 ± 0.03 6.05 ± 0.05* 10.31 ± 0.06**

45.6/11.4 2.70 ± 0.08 4.30 ± 0.07* 4.20 ± 0.04* 10.30 ± 0.02**

91.2/22.9 1.91 ± 0.04 3.68 ± 0.03* 3.55± 0.01* 10.00 ± 0.01**

LPV/r= Lopinavir/ritonavir, MT= Melatonin, ALA=Alpha lipoic acid, Data as mean ± SEM (Standard error of mean),
n=5, *Significant (p<0.01) difference when compared to LPV/r, **Significant (p<0.001) difference when compared to
LPV/r.

Table 5: Effects of melatonin and alpha lipoic acid on lopinavir/ritonavir- induced serum estradiol levels in rats
Estradiol (µg/mL)

Dose(mg/kg) LPV/r MT+LPV/r ALA+LPV/r MT+ALA+LPV/r

Control 12.48 ± 1.25 12.48 ± 1.25 12.48 ± 1.25 12.48 ± 1.25

22.8/5.71 33.55 ± 3.60 17.55 ± 1.24* 18.15 ± 1.15* 10.18 ± 1.33*

45.6/11.4 47.45 ± 3.52 20.45 ± 2.03* 20.65 ± 1.30* 10.43 ± 1.30*

91.2/22.9 69.10 ± 4.20 27.01 ± 2.31* 30.26 ± 3.07* 11.38 ± 1.14**

LPV/r= Lopinavir/ritonavir, MT= Melatonin, ALA=Alpha lipoic acid, Data as mean ± SEM (Standard error of mean),
n=5, *Significant (p<0.01) difference when compared to LPV/r, **Significant (p<0.001) difference when compared to
LPV/r.
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Table 6: Effects of melatonin and alpha lipoic acid on lopinavir/ritonavir- induced serum prolactin levels in rats
Prolactin (µg/mL)

Dose(mg/kg) LPV/r MT+LPV/r ALA+LPV/r MT+ALA+LPV/r

Control 0.28 ± 0.05 0.28 ± 0.05 0.28 ± 0.05 0.28 ± 0.05
22.8/5.71 1.57 ± 0.60 1.10 ± 0.04* 1.00 ± 0.05* 0.32 ± 0.06**
45.6/11.4 2.85 ± 0.74 1.03 ± 0.08* 1.10 ± 0.32* 0.35 ± 0.81**
91.2/22.9 4.63 ± 0.25 2.17 ± 0.45* 2.23 ± 0.31* 0.38 ± 0.14**

LPV/r= Lopinavir/ritonavir, MT= Melatonin, ALA=Alpha lipoic acid, Data as mean ± SEM (Standard error of mean),
n=5, *Significant (p<0.01) difference when compared to LPV/r, **Significant (p<0.001) difference when compared to
LPV/r.

3. Results

Serum levels of FSH, LH, PRL, ED, and T
were normal (p>0.05) in rats treated with individual
doses of MT and ALA when compared to control.
Also, effect on serum FSH, LH, PRL, ED, and T
levels were normal (p>0.05) in rats treated with
combined doses of MT and ALA when compared to
control (Table 1). On the other hand, serum levels
of FSH, LH, and T were significantly (p<0.001)
increased in a dose-dependent fashion in LPV/r-
treated rats when compared to control. At LPV/r
(99.2/22mg/kg) decreases represent FSH (450.6%),
LH (550.9%), and T (470.3%) (Tables 2-4).
However, the serum levels of FSH, LH and T were
significantly (p<0.01) restored in rats supplemented
with individual doses of MT and ALA when
compared to LPV/r-treated rats. The restored levels
of FSH, LH, and T were highest (p<0.001) in rats
supplemented with combined doses of MT and
ALA when compared to LPV/r-treated rats (Tables
2-4). Furthermore, serum levels of PRL and ED
were significantly (p<0.001) increased in a dose-
related manner in LPV/r-treated rats when
compared to control. However, the serum levels of
PRL and ED were significantly (p<0.01) restored in
rats supplemented with individual doses of MT and
ALA when compared to LPV/r-treated rats. The
serum levels of PRL and ED were best (p<0.001)
restored in rats supplemented with combined doses
of MT and ALA when compared to LPV/r-treated
rats (Tables 5 and 6).

4. Discussion

The current study assessed the protective
effects of MT and ALA on altered levels of gonadal

hormones in LPV/r-treated rats. The development
of the male reproductive tract is a dynamic process,
requiring the interaction of many factors and
gonadal hormones. The activations of specific
pathways are required, involving the productions
FSH, LH and T that are essential for the
development of the male internal and external
reproductive system.[20, 21] Studies have shown that
testicular morphologic changes as consequences of
altered gonadal hormones are potential targets for
HAART. [22] In the current study, serum FSH, LH,
T, PRL and ED levels were normal in MT and
ALA-treated rats. On the other hand, this study
demonstrated decreased serum FSH, LH and T
levels in LPV/r-treated rats in a dose-dependent
fashion. Interestingly, the serum levels of FSH, LH
and T were restored in MT and ALA supplemented
rats. This study observed abysmal increases in
serum PRL and ED levels in a dose-related fashion
in LPV/r-treated rats. This finding is consistent with
elevated PRL and ED levels associated with
HAART. [23] However, serum ED and PRL levels
were reversed in MT and ALA supplemented rats.
The restored serum levels of FSH, LH, T, PRL and
ED were most in rats supplemented with combined
doses of MT and ALA in comparison to their
individual doses. The mechanisms associated with
altered levels of gonadal hormones in LPV/r-treated
rats are not well understood, but LPV/r might have
inhibited the functions of HPG axis leading to
impaired production of gonadal hormones. [24] The
hormonal regulation of spermatogenesis and
testicular androgen production involves the HPG
axis, and the testes. Testicular regulation involves
three sets of hormones; gonadotropin-releasing
hormone (GRH), FSH and LH. GRH is released
from the hypothalamus and stimulates the pituitary



Am. J. Biomed. Sci. 2022,14(1),39-46;doi:10.5099/aj220100039 © 2022 by NWPII. All rights reserved 44

to produce gonadotropins. FSH and LH are
gonadotropins, which stimulate and sustain
intragonadal T production and spermatogenesis. [25]

The reduced serum T observed in LPV/r- treated
rats may be due to direct damage or oxidative
damage to Leydig cells responsible for the synthesis
of T. [26] Also, studies have shown that elevations in
PRL and ED can inhibit hypophyseal
gonadotrophins and other hypothalamic factors
leading to impaired gonadotrophin synthesis. [27]

The testicular protective effect of MT observed in
this study can be correlated with the protective
effect of MT against xenobiotic-induced testicular
toxicity. [28] Also, the observed protective effect of
ALA can be correlated with its protective effect
against acrylamide and bi-n-butyl phthalate-induced
testicular toxicities in rats. [29] The restored serum
levels of FSH, LH, T, PRL and ED by MT and
ALA observed in the current study may be due to
their counter effects on the activity of LPV/r on
HPG axis through their antioxidant effects and the
modulation of other antioxidants activities through
increased antioxidant gene expression. [30] MT and
ALA might have terminated the oxidative effect of
LPV/r at the testicular axis.[31] Also, studies have
shown that MT and ALA can sustained the levels of
cholesterol and sex hormone binding globulin
(SHBG) by facilitating and stimulating signal
transduction mechanisms necessary for normal
function of hypothalamus-testicular axis leading to
normal secretion of T and sperm production. [32]

Furthermore, MT and ALA might have provided
dual protection to create a robust shield on the
testicular cells along with the liquid that surrounds
the cells to tolerate higher volumes of free radical
attack. [33] Inflammatory reactions through the
production of pro-inflammatory cytokines which
include tumour necrosis factor and interleukin 1
beta have been implicated in xenobiotic-induced
testicular toxicity. [34] This showed that the
testicular protective effects of MT and ALA
observed in the current study may also be attributed
to their anti-inflammatory effects. [35] In addition,
the most testicular protective effect observed in rats
supplemented with combined doses of MT and
ALA can be attributed to pharmacologic interaction
leading to increased effect.

Conclusion: The current study showed that
dose-dependent alterations in gonadal hormones of
LPV/r-treated rats were abrogated by MT and ALA
supplementations. Abrogation was best in rats
supplemented with combined doses of MT and
ALA.
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